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ABSTRACT
A recent study carried out on high sensitivity SUNRISE/IMAX data has reported about the existence of areas of limited flux emergence
in the quiet Sun. By exploiting an independent and longer (4 hours) data set acquired by HINODE/SOT, we further investigate these
regions by analysing their spatial distribution and relation with the supergranular flow. Our findings, while confirming the presence
of these calm areas, also show that the rate of emergence of small magnetic elements is largely suppressed at the locations where the
divergence of the supergranular plasma flows is positive. This means that the dead calm areas previously reported in literature are not
randomly distributed over the solar photosphere but they are linked to the supergranular cells themselves. These results are discussed
in the framework of the recent literature.
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1. Introduction
Recently, Martínez González et al. (2012b) have identified in the
quiet photosphere areas of reduced flux emergence on spatial
scales larger than granules (∼ 1000 km), which they named
"dead calm areas". These areas also show a moderate deficit of
circular polarization signals in the deep magnetograms obtained
from the same data by Martínez Pillet (2013).
It has been found that small magnetic elements with diameters
comparable to or below the present resolving power of the cur-
rent solar telescopes (∼ 100 − 150 km on the solar surface) are
abundant in the very quiet Sun areas of the solar photosphere
(Orozco Suárez et al. 2007; Lites et al. 2008; Viticchié 2012;
Martínez González et al. 2012a). They have been observed to
emerge in small magnetic loops within supergranules (e.g.
Centeno et al. 2007; Martínez González & Bellot Rubio 2009)
and then diffuse radially toward the edges of the supergranules
themselves (Abramenko et al. 2011; Orozco Suárez et al. 2012;
Lepreti et al. 2012; Giannattasio et al. 2013), to form the so-
called magnetic network (Simon & Weiss 1989). In particular,
Orozco Suárez et al. (2012), by exploiting a very long series
of high resolution magnetograms (8 hours), have observed the
small magnetic concentrations within a supergranule moving ra-
dially outward from the center of the supergranule toward the
network, with a velocity aligned to the plasma flow. Their re-
sults have also showed that the dynamical properties of these
magnetic concentrations depend on their location within the su-
pergranule itself. They indeed accelerate and then decelerate
in proximity of the supergranular boundaries. The same author
have argued that this may affect the spatial distribution of the
magnetic flux observed, as a direct consequence of magnetic dif-
fusion being more effective in some areas of the supergranular
cells. To this regard, Giannattasio et al. (2013) have observed a
change of the diffusion regime of small magnetic elements with
a reduction of the diffusivity at spatial scales larger than granu-
lation and comparable with supergranular scales.
Small magnetic elements in the solar photosphere are also
though to be of some importance in deciphering different un-
solved question in solar physics, as for example the heating of
the upper layers of the Sun’s atmosphere through the excitation
of MHD waves (see for example Martínez González et al. 2011;
Jafarzadeh et al. 2013; Stangalini et al. 2013b,a) and their con-
tribution to the solar irradiance (Rast & Harder 2012). Although
as seen before they have been studied in detail in many aspects,
their origin is still a matter of debate. Indeed, two main com-
peting theories have been put forward to explain the presence of
this small scale magnetic fields in the solar photosphere. In the
first scenario these magnetic fields are the end-product of the de-
caying of larger active regions produced by the global dynamo.
In the second scenario the magnetic elements are generated by
a local small scale dynamo (SSD) driven by granular and su-
pergranular plasma flows. Actually both mechanisms are likely
to contribute at the same time, although it has to be determined
which is the dominant one (Cattaneo & Hughes 2001).
However, in the last few years, many observational results have
been put forward in favor to the presence of a small-scale dy-
namo (e.g. Ishikawa et al. 2008; Danilovic et al. 2010a; Lites
2011; Buehler et al. 2013), as well as results from numerical
simulations of the solar convective zone (Vögler & Schüssler
2007; Schüssler & Vögler 2008; Pietarila Graham et al. 2010;
Danilovic et al. 2010b). For a deeper examination of the ob-
servational evidences in favour to the SSD we refer the reader
to the review by Martínez Pillet (2013). It is unclear, how-
ever, how the existence of such a calm areas observed by
Martínez González et al. (2012b) could fit this general frame-
work, although they represent an important constraint on the
generation and amplification of the magnetic field on small
scales in the solar photosphere. Among the many possible
explanations for the existence of these areas, one interesting
possibility, indicated by the authors themselves, is that this
Article number, page 1 of 4
A&A proofs: manuscript no. emergence
 
-40
-20
0
20
40
B 
[G
]
0 20 40 60 80
[arcsec]
0
20
40
60
80
[ar
cs
ec
]
(a) Horizontal velocity field
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(b) Map of divergence and flux emergence
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(c) Deep magnetogram
Fig. 1. (Panel a) Time averaged magnetogram obtained by averaging over the total duration of the data set with superimposed the horizontal
velocity field obtained from the local correlation tracking (LCT, orange arrows). (Panel b) Normalized divergence map obtained from LCT with
the location of magnetic appearance events over the whole duration of the data set (red dots), and flux emergence events (yellow dots). The white
contours indicate the location of the maxima of the absolute value of the magnetic field (|B| > 50 G). (Panel c) Deep absolute magnetogram
saturated at 11 G.
could be due to the highly intermittent character of the SSD
(Cattaneo & Hughes 2001), which leads to a bursty appearance
of small-scale magnetic fields. Moreover, Tobias & Cattaneo
(2008) have demonstrated that coherent flows with their sus-
tained stretching are far more efficient, in terms of dynamo ac-
tion, than incoherent plasma flows. For this reason the same au-
thors argued that the role of coherent structures should be always
carefully assessed when dealing with small scale dynamos.
The IMAX data analysed by Martínez González et al. (2012b)
had a limited temporal duration (∼ 30 min). This prevented any
possible analysis of the calm areas in relation to large scale (tens
of Mm) plasma flows such as those determining the supergranu-
lar patterns. In this study we take advantage of the long temporal
duration of the data provided by SOT/FG, the narrow band im-
ager on board Hinode satellite (Tsuneta et al. 2008), to further
investigate the existence of these areas and to assess the role of
supergranular flows on their origin.
2. Data set and analysis
The data set used in this study consists of a sequence of high
spatial resolution magnetograms and intensity measurements ac-
quired by SOT/NFI in the Na I 589.6 nm spectral line that
is sampled at two wavelength positions from the line center
(±160 mÅ). The magnetograms were generated from shutterless
V and I Stokes filtergrams taken on 2008 August 18, close to the
disc centre. The temporal cadence of the data is 30 s. The data
are slightly downsampled since the pixel scale is set at 0.16 arc-
sec, while the diffraction limit is ∼ 0.24 arcsec. The field of view
(FoV) is approximately 80 × 80 arcsec, and the total duration of
the time sequence is approximately 4 hours. In Fig. 1 (panel a)
the time averaged magnetogram saturated between−50 G and 50
G is shown. The FoV encompasses a few supergranules whose
boundaries are highlighted by the network patches visible in the
figure.
In addition to the standard calibration procedure (the IDL code
fg-prep.pro available in the Hinode Solarsoft package), a regis-
tration procedure allowing subpixel accuracy was applied. This
was done to account for any possible residual misalignment due
to satellite’s jitter and tracking errors. This procedure is based
on FFT cross-correlation and utilizes the whole FoV to estimate
the misalignment between two images. We applied iteratively the
FFT registration, until the mean residuals were minimized (until
a stable value was reached). This happened in three iterations.
To study the emergence of small magnetic features we em-
ployed the YAFTA tracking algorithm (Welsch & Longcope
2003; DeForest et al. 2007) which allows us to identify and
track magnetic pixels belonging to the same local maximum. For
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tracking purposes two constraints were applied. Only features ly-
ing above a threshold in the magnetograms and having an area as
small as the sampling resolution limit set by the pixel scale were
considered (2 × 2 pixels in our case corresponding to 240 × 240
km on the solar photosphere). The threshold on the magnetic sig-
nal is chosen to be 2σ (equivalent to 11.8 G). Following Liu et al.
(2012) we estimated the sigma of the magnetic signal by fit-
ting a Gaussian to the low-field pixels with absolute value of
the magnetic flux density below 200 G. With YAFTA tracking
code, we identified the newly appeared magnetic elements and
studied their initial position in the field of view. Among the com-
plete sample of newly appeared magnetic elements fulfilling the
above criteria, we only retained those lasting (trackable) at least
three temporal steps (∼ 90 s). This is done to avoid spurious de-
tections. Lamb et al. (2010) have shown that up to of 75% of the
newly appeared magnetic elements in magnetograms can be as-
cribed to coalescence, in which a magnetic flux tube undergoes
a field intensification, thus becoming detectable. This makes the
detection of emergence events difficult. Since the tracking algo-
rithm does not discriminate between different physical processes
leading to the appearance of new magnetic features we used
the Tracked Bipolar and Cluster Method (hereafter TBCM) de-
veloped and used in Close et al. (2005a,b); Thornton & Parnell
(2011) to identify emergences. This method, starting from the
tracked elements and using the birth information provided by
the tracking code, identifies newly emerged bipoles and clus-
ters and selects unique pairings among them. More in detail, the
code looks for features that satisfy the following conditions: the
distance between two opposite polarity features D0 and the tem-
poral difference of appearance ∆T must be smaller than a fixed
quantity, and the ratio of the fluxes ρ must satisfy the relation
1/ρ ≤ |φi+|/|φi−| ≤ ρ, where φi+ and φi− represent the magnetic
fluxes associated to the footpoints of the bipole. At this point, not
all the identified emerging bipoles and clusters with the TBCM
method represent a unique feature pairings (emerging loops or
biboles). This can be accomplished by using a connectivity ma-
trix as in Close et al. (2005b); Thornton & Parnell (2011). Sim-
ilar to Thornton & Parnell (2011) we chose ρ = 3, ∆T = 15
min, and D0 = 1.3 Mm. Our aim is the assessment of possible
effects of supergranular flows on the spatial distribution of flux
emergence. For this purpose we have estimated the supergran-
ular flow field by using a local correlation tracking technique
(LCT). In particular we made use of the FLCT code (Fast Lo-
cal Correlation Tracking, Fisher & Welsch 2008) with a spatial
window of 12 pixels, or equivalently, ≃ 1400 km that is a scale
slightly larger than the granular scale. The granules are in fact
though to be a good tracers of the large scale flows. Each inten-
sity image of the sequence is used in the LCT, thus the original
temporal cadence is maintained. Finally the horizontal velocity
fields at each time step are then used to estimate the average ve-
locity field over the whole duration of the data set (∼ 4 hours).
The final horizontal velocity field is additionally smoothed with
a running window of 10× 10 pixels (1200× 1200 km) to further
reduce the granular noise. The final result of this analysis is over-
plotted in Fig. 1 (panel a, yellow arrows). The FoV encompasses
a few supergranules as clearly indicated by the direction of the
horizontal flows.
3. Results
We studied the spatial distribution of emergence events, which
was derived using the information provided by the tracking al-
gorithm together with the TBCM method described above, look-
ing for possible relation with the horizontal velocity fields ob-
tained from the LCT. Fig. 1, panel b, shows the position of
the newly appeared magnetic elements (red dots), and disam-
biguated newly emerged bipoles and clusters (yellow dots) ob-
tained from the TBCM code, overplotted on the divergence map
obtained from LCT. In agreement with Martínez González et al.
(2012b), we found that the magnetic elements emerge non-
homogeneously giving raise to areas lacking of frequent flux
emergence. Besides, the comparison with the divergence map
shows that these areas occupy regions characterized by positive
divergence (sources of the supergranular flow field). Panel c of
the same figure also depicts the mean deep magnetogram (satu-
rated at ±11 G) to be compared with the divergence map of panel
b. Similar to what was reported by Martínez Pillet (2013), the
deep magnetogram also shows a lack of residual magnetic sig-
nal at the same locations at which a deficit of emergence is seen.
Even in this case, it is straightforward to see how these regions
correspond to areas with positive divergence. This can be better
seen in Fig. 2 where we plot the frequency of emergence of the
magnetic elements selected with the TBCM method as a func-
tion of the divergence. The frequency of emergence is smaller
at the locations of positive divergence (centers of supergranules)
and larger at the boundaries of the convective cells (negative di-
vergence).
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Fig. 2. Frequency of flux emergence derived from tracking as a function
of the divergence of the flow field estimated from the LCT. The error
bars represent the standard error of the mean.
4. Discussions and conclusions
In this work by analysing a long series of high cadence and
high spatial resolution magnetograms acquired with SOT/FG,
we have studied the spatial distribution of flux emergence in
supergranules. In particular we have investigated the frequency
flux emergence in relation to the supergranular flows. Very long
time series are indeed required to disentangle the supergranular
from granular flows in LCT analyses. From newly appeared
magnetic elements provided the YAFTA tracking code, we
have selected only the flux emergence cases by means of the
TBCM method. As underlined in Thornton & Parnell (2011),
this method relies on strict criteria for selecting emerging
bipoles and clusters of magnetic elements. Our results confirm
the presence of the surprisingly quieter magnetic areas in
the solar photosphere, which were previously reported by
Martínez González et al. (2012b) in SUNRISE/IMAX data. Our
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results are also consistent with the findings by Wang (1988) who
observed a slight tendency of the magnetic fields to emerge close
to the supergranular boundaries. In addition to the results of
Martínez González et al. (2012b) we have also found that these
dead calm areas coincide with locations of positive divergence
of the supergranular plasma flows. We have found that the flux
emergence rate is indeed maximally reduced at the centers of
supergranules while it increases toward the borders of them.
This behaviour is also seen in deep magnetograms where a lack
of residual magnetic signal can be found in correspondence with
the centers of supergranules. Although this deficit of residual
magnetic signal was already reported by Martínez Pillet (2013),
no link with supergranular flows was possible in that case due to
the limited duration of the data sets analysed.
Framing these results in a SSD scenario is difficult
(Martínez Pillet 2013), however it has been shown that the
presence of coherent flows and velocity patterns leads to the
development of efficient dynamos in comparison with random
flows. Indeed, Tobias & Cattaneo (2008) have demonstrated
that the amplification of the magnetic field in a SSD is strongly
dependent on the presence of spatially and temporally coherent
structures. In particular when two velocity flows with the
same spectra are considered, the one with larger spatially and
temporally coherent structures result in a more efficient SSD
mechanism. In addition, the same authors have shown that the
presence of coherent velocity flows leads to the generation of
less homogeneous magnetic field distributions owning to the
line stretching of the coherent flows themselves.
Although one is tempted to believe the granular flows as the
most obvious patters giving birth to the small scale magnetic
fields detected in high resolution and high sensitivity obser-
vations, the supergranulation has been also indicated as a
possible mechanism from which a dynamo action may originate
(Cattaneo 1999). This, together with the above scenario of en-
hanced amplification produced by regular flows may constitute
an important ingredient to be considered for explaining our
observational findings.
Martínez Pillet (2013) has already pointed out that the voids of
flux emergence observed by Martínez González et al. (2012b)
are barely consistent with a granularly driven SSD since they are
over larger scales (> 1 Mm). To this purpose it is worth noting
that Guglielmino et al. (2012) have studied a magnetic bipole
emerging in the solar photosphere and reported a footpoint sep-
aration of ∼ 4 Mm which is also larger than the granular scale,
thus inconsistent with a SSD driven by granular convection
only.
Our results also fit this picture by demonstrating a strong
non-homogeneous emergence pattern of the magnetic field
over the FoV. This is not surprising in light of the results of
Tobias & Cattaneo (2008) that demonstrated that the process
of stretching and amplification of the field through an SSD can
be highly non-local and patchy depending on the properties of
the coherent structures of the velocity field. Due to the finite
sensitivity of the instrumentation, we cannot argue that at the
center of supergranules the flux emergence is totally inhibited.
It can well be that the emerging magnetic field generated by an
SSD is far from being detectable at that locations, probably be-
cause of a less efficient amplification owing to the supergranular
pattern and its dynamics. However, our results suggest a relation
between the flux emergence rate (and or the amplification of the
field) and the supergranular flows.
To this regard, another and perhaps more intriguing explanation
for our findings may come from different considerations. As
mentioned above, Orozco Suárez et al. (2012) have argued that
since the dynamical properties (i.e. the radial velocity) of mag-
netic elements depend on their position within the supergranule,
the spatial distribution of magnetic fields observed might be
affected by this resulting in an inhomogeneous distribution. This
is a direct consequence of the magnetic diffusion being more
effective in certain locations.
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